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(57 ABSTRACT 
A logic analyzer including at least a sampling system for 
sampling input data with a sampling clock signal com 
prises a condition decision circuit having inputs sup 
plied with the input data and an internal clock signal for 
producing a conditioning signal in dependence on the 
input data in synchronism with the internal clock signal, 
a clock detection circuit for deciding whether the sam 
pling clock signal makes appearance within a predeter 
mined period of the internal clock signal to produce a 
signal representative of the result of the decision, and a 
control circuit having inputs supplied with the condi 
tioning signal and the signal representative of said result 
for producing a trigger signal corresponding to the 
conditioning signal in dependence on the signal repre 
sentative of the result of decision. 

2 Claims, 20 Drawing Figures 
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1. 

LOGIC ANALYZER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to a logic 

analyzer and more particularly to a trigger control ap 
paratus for a logic analyzer which incorporates therein 
a plurality of sampling channels. 

2. Description of the Related Art 
In the logic analyzer of the type mentioned above, 

when input data supplied to the different sampling 
channels are closely related to one another, there often 
arises such a case in which the start and stop of the 
sampling operation of the logic analyzer as a whole is to 
be controlled by combining the trigger conditions of the 
individual sampling channels. To this end, there has 
heretofore been known a so-called arming technique. 
According to this technique, the initiation and termina 
tion of the sampling operation are controlled individu 
ally on the channel-by-channel basis. To this end, ar 
rangement is made such that detection of a given one of 
the sampling channels being riggered allows that given 
channel to make decision as to whether the conditions 
to trigger other sampling channel are met. However, 
the arming technique suffers disadvantages in that the 
tracing operation of one sampling channel can not be 
controlled by other sampling channel or vice versa. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a trigger control apparatus for a logic analyzer 
in which the trigger conditions of the individual sam 
pling channels can be determined freely in combination 
on the same time basis to thereby permit a sequential 
trigger as well as parallel trigger, whereby the tracing 
operation of one channle can be controlled in depen 
dence on the trigger condition of other sampling chan 
nel or vice versa. 

Here, the meaning of the phrases "sequential trigger” 
and "parallel trigger' will be explained. It is assumed, 
for example, that the trigger condition of a first sam 
pling channel is represented by C with the trigger con 
dition of a second sampling channel being represented 
by D. The sequential trigger corresponds to the case 
where the conditions are so set that both the sampling 
channels are triggered upon occurrence of the condi 
tion C of the first sampling channel in succession to the 
occurrence of the condition D of the second sampling 
channel, while the parallel trigger means such operation 
in which both the sampling channels are triggered in 
response to the occurrence of either the condition C or 
D. 
These and other advantages and attainments of the 

present invention will become apparent to those skilled 
in the art upon a reading of the following detailed de 
scription when taken in conjunction with the drawings 
wherein there is shown and described an illustrative 
embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a view showing in a block diagram a general 

arrangement of a trigger control apparatus according to 
an exemplary embodiment of the present invention; 

FIG. 2 is a view showing a version of the same ac 
cording to another embodiment of the invention; 
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2 
FIG. 3 is a view showing schematically a circuit 

configuration of a control circuit (11) shown in FIG. 2; 
FIG. 4 is a view for illustrating contents of a memory 

(12) shown in FIG. 3; 
FIG. 5 is a view showing schematically a circuit 

configuration of a condition decision circuit (5A) 
shown in FIG. 2; 

FIG. 6 is a view showing schematically a circuit 
configuration of a clock detection circuit (7A) shown in 
FIG. 2; 
FIGS. 7A to 7F are diagrams showing signal wave 

forms for illustrating operation of the circuit shown in 
FIG. 6; and 
FIGS. 8A to 8H are diagrams showing waveforms 

for illustrating operation of the apparatus shown in 
FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the course of the following detailed description, 
reference will be made to the attached drawings. 
FIG. 1 shows an internal structure of a logic analyzer 

according to an embodiment of the invention, which 
includes a single sampling channel for sampling the 
input data. 

Referring to FIG. 1, a reference numeral 1 designates 
a CPU of an apparatus to be tested, a numeral 2 denotes 
an input data signal supplied from the CPU 1, a numeral 
3 denotes a clock signal, a numeral 4 denotes another 
clock signal generated internally of the logic analyzer, a 
numeral 5 denotes a condition decision circuit, a nu 
meral 6 denotes a conditioning signal, 7 denotes a clock 
detection circuit, 8 denotes a clock detection signal, 9 
denotes a control circuit and finally a numeral 10 de 
notes a trigger signal outputted from the control circuit 
9. 
As the clock signal 3, a sampling clock signal or a 

clock signal supplied from an external source may be 
utilized. The source of the internal clock signal 4, the 
condition decision circuit 5, the clock detection circuit 
7 and the control circuit 9 are provided internally of the 
logic analyzer. 

In the case of the illustrated embodiment, the CPU 1 
supplies the input data 2 to the condition decision cir 
cuit 5 while supplying the clock signal 3 to the clock 
detection circuit 7. The internal clock signal 4 is sup 
plied to both the condition decision circuit 5 and the 
clock detection circuit 7. The condition decision circuit 
5 produces the conditioning signal 6 corresponding to 
the input data signal 2 in synchronism with the internal 
clock signal 4, the conditioning signal 6 being then 
supplied to the input of the control circuit 9. The clock 
detection circuit 7 determines or detects whether the 
clock signal 3 makes appearance during a period of the 
internal clock signal 4 and produces the detection signal 
8 when the clock signal 3 makes appearance within a 
period of the internal clock signal 4, the detection signal 
8 being applied to an input of the control circuit 9. Upon 
every appearance of both the conditioning signal 6 and 
the detection signal 8, the control circuit 9 produces the 
trigger signal 10 corresponding to the conditioning 
signal 6, the trigger signal 10 being supplied to an asso 
ciated sampling channel for controlling the start or stop 
of the sampling operation of that sampling channel in 
synchronism with the interal clock signal 4, 

FIG. 2 shows a circuit arrangement of a second em 
bodiment of the present invention. More specifically, 
FIG. 2 shows an internal structure of a logic analyzer 
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including two sampling channels for sampling the input 
data. In the figure, reference characters 1A and 1B 
denote CPUs, respectively, characters 2A and 2B de 
note input data, characters 3A and 3B denote clock 
signals, 5A and 5B denote condition decision circuits, 
6A and 6B denote conditioning signals, 7A and 7B de 
note clock detection circuits, 8A and 8B denote detec 
tion signals, respectively, a numeral 10 denotes a trigger 
signal and finally a numeral 11 denotes a control circuit. 
In conjunction with FIG. 2, it should be noted that like 
reference symbols are used for designating like parts as 
those shown in FIG. 1, repeated description of which 
will therefore be unnecessary. Further, it should be 
understood that the condition decision circuits 5A and 
5B as well as the clock detection circuits 7A and 7B can 
be implemented in the same circuit configuration as 
those of the condition decision circuit 5 and the clock 
detection circuit 7 shown in FIG. 1, as will be described 
hereinafter. 

In operation, the condition decision circuit 5A 
supplies the conditioning signal 6A to the control cir 
cuit 11 corresponding to the input data 2A, while the 
clock detection circuit 7A makes decision as to the 
appearance of the clock signal 3A in the same manner as 
described above, the resulting detection signal 8A being 
inputted to the control circuit 11. The condition deci 
sion circuit 5B and the clock detection circuit 7B supply 
the conditioning signal 6B and the detection signal 8B, 
respectively, to the control circuit 11. On the other 
hand, the control circuit 11 combines freely a set of the 
conditioning signal 6A and the detection signal 8A with 
a set of the conditioning signal 6B and the detection 
signal 8B to supply the corresponding trigger signal 10 
to the two sampling channels for controlling the start 
and the stop of the sampling operations in the channels 
associated with the CPUs 1A and 1B. 

FIG. 3 shows schematically a circuit configuration of 
the control circuit 11 shown in FIG. 2. It should be 
understood that the control circuit 9 shown in FIG. 1 
may be implemented in a similar structure. Referring to 
FIG. 3, a reference numeral 12 denotes a memory, 13 
denotes a counter and a numeral 14 denotes a gate ele 
ment. In the memory 12, the symbols A0 to A4 denote 
address input terminals, while symbols D0 and D1 rep 
resent data output terminals. The address inputs A0 to 
A4 correspond to the bit positions 20 to 2, respectively. 
It should be mentioned that in the following descrip 
tion, the address is represented in a binary notation. By 
way of example, a numeral "7" is given by (00111)2. 
The numerals within the parenthesis represent the logic 
states at the bit positions 2 to 20, respectively. 
The counter 13 has a clock input terminal T and a 

data output terminal Q and counts the clock input in 
response to the leading edge thereof. 
The conditioning signal 6A, the detection signal 8A, 

the conditioning signal 6B, the detection signal 8B 
shown in FIG. 2 and the output of the counter 13 shown 
in FIG. 3 are applied to the address input terminals AO 
to A4 of the memory 12, respectively. 

In the memory 12, there are stored at the address 
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corresponding to the trigger input the logic state "1" or 
"0" of the trigger signal 10 shown in FIG. 2. In case the 
logic "1" of the data output D0 is stored at the address 
(11100)2 of the memory 12, by way of example, the 
trigger signal 10 of the logic state "1" is outputted, 
when the conditioning signal 6B, the detection signal 8B 
and the output signal at the counter become logic "1". 
In this way, the meomory 12 supplies the trigger signal 

65 

4. 
10 to the sampling channel in dependence on the combi 
nation of the signals inputted to the control circuit 11 
shown in FIG. 2. 
The counter 13 counts the output of the gate 14. It is 

assumed that the internal clock signal 4 is utilized in the 
control circuit 11. Accordingly, the gate 14 has two 
inputs supplied with the internal clock signal 4 and the 
data output signal D1 of the memory 12. Every time the 
data output signal D1 of the memory 12 becomes logic 
"1", the gate 14 applies one internal clock pulse 4 to the 
terminal T of the counter 13. In response to the output 
from the gate circuit 14, the count content of the 
counter 13 is incremented. Consequently, even when a 
signal representative of the same combination as the one 
preceding to the incrementation of the counter 13 is 
inputted to the control circuit 11 shown in FIG. 2, the 
address of the memory 12 for this signal is set at a differ 
ent location because of the output Q of the counter 13. 
Thus, the sequential trigger for a complicated combina 
tion of the trigger conditions is made possible. 

Next, description will be made of the operation of 
control circuit shown in FIG. 3 on the assumption that 
the memory 12 stores therein the data illustrated in 
FIG. 4. More specifically, the data illustrated in FIG. 4 
are so set in the memory 12 that the trigger signal 10 is 
produced when the trigger conditions are met in the 
sequence mentioned below: 

(a) The conditioning signal 6A and the detection 
signal 8A become logic "1". 

(b) Subsequently, the conditioning signal 6A and the 
detection signal 8A or alternatively the conditioning 
signal 6B and the detection signal 8B become logic "l'. 
The symbols A0 to A4 as well as D0 to D1 have the 

same meanings as with the case of FIG. 3. An arrow 
inserted in FIG. 4 indicates the sequence in which the 
addresses of the memory 12 are generated. 

Referring to FIG. 4, since the logic “1” state of data 
D1 is stored at the address (0.0011)2, the gate 14 shown 
in FIG. 3 supplies an internal clock pulse 4 to the 
counter 13 when the conditions (a) mentioned above 
has been met. The counter 13 counts the internal clock 
pulse 4 to set the output Q to "1". After the condition 
(a) has been met, the address A4 shown in FIG. 4 is set 
to "1". Since logic "1" is stored at the addresses 
(11100)2, (111111)12 and (10011)2, the memory 12 
supplies the trigger signal 10 to the associated sampling 
channel every time the condition (b) mentioned above is 
inputted. 

Next, description will be made on the structure of the 
condition decision circuit 5A shown in FIG. 2 by refer 
ring to FIG. 5. It should be noted that the condition 
decision circuit 5 shown in FIG. 1 as well as the condi 
tion decision circuit 5B shown in FIG. 2 can be imple 
mented in the same manner. 

Referring to FIG. 5, a reference numeral 51 denotes 
a memory and a numeral 52 denotes a flip-flop. In re 
sponse to the leading edge of the clock pulse applied to 
the terminal Kof the flip-flop 52, the state at the termi 
nal D is transferred to the terminal Q. 
The memory 51 previously stores therein data for 

decision in conformance with the trigger conditions by 
a setting means not shown in FIG. 5. The input data 2A 
is applied to the address input terminal of the memory 
51, whereupon the memory 51 applies the output signal 
corresponding to the input data 2A to the terminal D of 
the flip-flop 52. The terminal CK of the flip-flop 52 is 
supplied with the internal clock signal 4. As the conse 
quence, the conditioning signal 6A is applied to the 



4,713,813 
5 

control circuit 11 shown in-FIG. 2 in synchronism with 
the leading edge of the internal clock signal 4. 
FIG. 6 shows a circuit configuration of the clock 

detection circuit 7A. It should be understood that the 
clock detection circuit 7 shown in FIG. 1 as well as the 
clock detection circuit 7B shown in FIG. 2 is realized in 
the similar configuration. 

Referring to FIG. 6, reference numerals 71 to 73 
denote flip-flops and a numeral 74 denotes an Exclusive 
OR. The clock detection circuit 7A includes the flip 
flops 71 to 73 and the Exclusive-OR 74. Parenthetically, 
the flip-flop 71 to 73 are each of the same structure as 
the flip-flop 52 shown in FIG. 5. 
Operation of the circuit shown in FIG. 6 will be 

described by referring to waveforms illustrated in 
FIGS. 7A to 7F. 
FIG. 7A shows a waveform of the clock signal 3A 

having pulses P1 and Q1. This clock signal 3A is applied 
to the terminal CK of the flip-flop. 71 shown in FIG. 6. 
Since the flip-flop. 71 is so arranged that the output 
thereof is inverted in response to every application of 
the clock pulse 3A, the waveform of the signal appear 
ing at the terminal Q of the flip-flop 71 is such as shown 
in FIG. 7B. The waveform shown in FIG. 7B is applied 
to the terminal D of the flip-flop 72. Since the terminal 
CK of the flip-flop 72 is supplied with the internal clock 
signal 4 of the waveform shown in FIG.7C, the wave 
form of the signal appearing at the terminal Q of the 
flip-flop 72 is such as illustrated in FIG. 7D. This wave 
form (7D) is applied to the terminal D of the flip-flop 73 
and at the same time supplied to the Exclusive-OR 74. 
Since the internal clock signal 4 of the waveform shown 
in FIG. 7C is applied to the terminal CKof the flip-flop 
73, the signal produced at the terminal Q of the flip-flop 
73 is such as illustrated in FIG. 7E. This waveform is 
applied to the input of the Exclusive-OR which has 
other input supplied with the signal of the waveform 
shown in FIG. 7D. Consequently, the detection signal 
outputted by the Exclusive-OR 74 is of such a wave 
form as shown in FIG. 7F, in which pulses P2 and Q2 
correspond to those P1 and Q1 shown in FIG. 7A, 
respectively. 

Next, operation of the circuit shown in FIG. 2 will be 
described by referring to the timing diagrams illustrated 
in FIGS. 8A to 8H which are depicted on the assump 
tion that the memory 12 shown in FIG. 2 produces the 
trigger signal 10 when the conditioning signal 6A or 6B 
is logic “1”. 
More specifically, FIG. 8A illustrates a waveform of 

the clock signal 3A inputted to the clock detection 
circuit 7A. This waveform includes pulses S1 and T1. 
On the other hand, the clock signal 3B applied to the 
clock detection circuit 7B is of such a waveform as 
shown in FIG. 8B, and has pulse U1 and V1. FIG. 8C 
illustrates the waveform of the internal clock signal 4 
applied to the inputs of the condition decision circuits 
5A and 5B and the clock detection circuits 7A and 7B, 
respectively. FIG. 8D illustrates the waveform of the 
conditioning signal 6A shown in FIG. 2. A pulse S2 of 
this waveform (FIG. 8D) indicates that the data 2A (see 
FIG. 2) corresponding to S1 shown in FIG. 8A meets 
the trigger condition. On the other hand, it is indicated 
that the trigger condition is not met by the pulse T1 
shown FIG. 8A. FIG. 8E shows the waveform of the 
detection signal 8A shown in FIG. 2 in which pulses S3 
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6 
and T3 correspond to the pulses S1 and T1 shown in 
FIG. 8A. FIG. 8F illustrates an example of the wave 
form of the conditioning signal 6B shown in FIG. 2. 
Obviously, this signal meets the trigger condition, as 
will be seen from the waveform thereof. FIG, 8G shows 
a waveform of the detection signal 8B shown in FIG. 2 
in which a pulse U3 is produced by the clock detection 
circuit 7B shown in FIG. 2 in response to the pulse U1 
shown in FIG. 8B. The pulse V3 illustrated in FIG. 8G 
is produced in response to the detection of the pulse V1 
shown in FIG. 8B. Since the waveforms shown in 
FIGS. 8D to 8G are applied to the control circuit 11, 
the trigger signal 10 is of such a waveform as shown in 
FIG. 8H. The pulses S4 and V4 appearing in the wave 
form shown in FIG. 8H are the trigger signal 10 which 
correspond, respectively, to the pulse S1 shown in FIG. 
8A to the pulse V1 shown in FIG. 8B. 
As will be appreciated from the foregoing descrip 

tion, the present invention brings about the advantages 
mentioned below: 

(a) Operation of the multi-CPU system can be effec 
tively traced by virtue of the possibility of triggering 
tracing operations for the individual CPUs in compli 
cated combinations. 

(b) Because tracing operation of one sampling chan 
nel can be controlled by the condition of the other 
sampling channel, an extremely high freedon can be 
attained in the tracing operation. 

It is thought that the present invention and many of 
its attendant advantages will be understood from the 
foregoing description and it will be apparent that vari 
ous changes may be made in the from, construction and 
arrangement of the parts described herein without de 
parting from the spirit and scope of the invention or 
sacrificing all of its material advantages, the from here 
inbefore described being merely a preferred or exem 
plary embodiment thereof, 
We claim: 
1. A logic analyzer including at least a sampling sys 

ten for sampling input data with a sampling clock sig 
nal, comprising: 

a condition decision circuit having inputs supplied 
with said input data and an internal clock signal for 
producing a conditioning signal in dependence on 
said input data in synchronism with said internal 
clock signal; 

a clock detection circuit for deciding whether said 
sampling clock signal makes appearance within a 
predetermined period of said internal clock signal 
to produce a signal representative of the result of 
said decision; and 

a control circuit having inputs supplied with said 
conditioning signal and said signal representative 
of said result for producing a trigger signal corre 
sponding to said conditioning signal in dependence 
on said signal representative of said result of deci 
SO. 

2. A logic analyzer according to claim 1, wherein a 
number of said condition decision circuits are provided 
in combination with a corresponding number of said 
clock detection circuits, outputs of said condition deci 
sion circuits and said clock detection circuits being 
operatively connected to said control circuit. 
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